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INTRODUCTION 
893 
There have been numerous investigations on carbohydrate metabolism, especial!)・ 
with regard to the role of insulin, and on fat metabolism, principallJア onthe prob・
lem of fatty liver and the ability of digestion, etc., after total pancreatectomy. 
However, there has been almost no research on the metabolism of inorganic 
substances. We can find only one report, by FALLIS et al , concerning the absorption 
and the discharge of calcium in one totally pancreatectomized patient. 
It has been recognized by many investigators that there are marked dis-
turbances in the digestion of fat and protein after total pancreatectomy. 
It is probable that considerable changes in the metabolism of calcium must 
take place, due to the post-operative metabolic changes of fat digestion. :Moreover, 
one patient of our series revealed symptoms of tetany eight months after the 
operation and, at the same time, showed a marked decrease in serum calcium. But 
this patient recovered soon after an adequate intake of calcium. Therefore I 
think it is necessary to investigate the changes in calcium metabolism after total 
pancreatectomy. 
I performed examinations on the digestion of calcium, serum calcium, bone 
changes, the parathyroid glands, etc. 
The results may be stated as follows : 
ABSORPTION AND EXCRETION OF CALCIUM 
The small intestines, especially the duodenum, are most important sites for 
the absorption of calcium salts, and the liver, the pancreas and the epithelium of 
the bowels excrete calcium into the feces, and the kidney into the urine. 
In normal adults, the amount of calcium absorbed and excreted is the same, 
so that the amount of calcium is kept・ inbalance. 
Conditions which hinder the solubilitJア ofcalcium salts in the intestinal tract 
prevent its absorption. Thus the concentration of hydrogen ions in the upper 
portion of the small intestines, other substances in the foods, such as phosphorus, 
magnesium, fat etc., play an important role in・ the assimilation of calcium. 
Vitamin D may also participate in calcium absorption and excretion in two 
ways, one in relation to the combination of phosphorus in the tissues, and the 
other in the deposition of calcium phosphate to form. bone. Besides, absorption, i.n 
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large part, depends on the time during which the food remains in the intestines. 
I performed the following experiments to stud）・ calcium balance after total 
pancrea tectomy. 
(A) METHODS OF EXPERIMENT 
In this experiment adult dogs of both sexes weighing about 10 kg were used. 
After total pancreatectomy we co!ltrolled the blood sugar level at about 200 mg 
per 100 cc by insulin administration. Several weeks after the operation I fed 
them a test diet containing a definite dose of calcium as shown in table 1, and 
then collected the feces for three or four days. Neither diarrhea nor constipation 
occurred after the dogs had been accustomed to the test-diet. The collected feces 
were desiccated and then crushed into powder. The daily output of calcium in 
the feces was calculated by McCRUDDEN’s method. 
I also studied calcium bala!lce in a patient, who had undergone total pancrea・
tectomy two years before and was stil living a healthy life. 
Table 1 Test-diet (Dog〕
Containinir 800 Calorie and 









Table 2 Test・幽Diet(Man) 












SCHERMAN stated that the adult man needs a minimum dose of 0.45 g calcium 
per day to maintain calcium balance, and the proper amount is 0.68 g which is 
an increase of 50 per cent. But we would like to point out that the advisable 
dose should be 1 g a day in consideration of some digestive disturbances. There-
fore, I gave the test-diet which contained the standard quantity of calcium as 
shown in table 2, and then collected the feces and determined the calcium out-put. 
In addition, I collected the total urine during twenty-four hours, and calculated 
the urinary calcium out-put by McCRUDDEN’s method. 
(B) RESULTS 
As a control we used an normal adult dog weighing about 10 kg. Tables 3 
and 4 show the absorption and excretion ratio. As shown in table 3, the amount 
of feces of the totally pancreatectomized dogs is very large, since in totally pane-
reatectomized dogs digestive ability was greatly disturbed in spite of pancreatin 
administration, as h部 beenrecognized by COFFEY, SELLE and PRIESTLEY, and a large 
quantity of poorly digested diet is excreted in the feces. 
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Table 3 Daily out-put of calcium (Dog) Table 4 Daily out-put of calcium (Man) 
は語out-1Daiγ~um Total Ca intake 1060rig 
After t~I . ba lance Urine Ca 168mg Operation cmm 
6week 55g 715mg 175mg Stool Ca 950mg 
7week 64g 3200mg 一2360mg Total out-put lll8mg 
7week 52g 1040mg -200mg Ca balance -58mg 
8week 65g 910mg 70mg 
Control 20g 500mg 340mg 
Generally speaking, after total pancreatectomJ・postoperativemetabolic changes 
are milder in men than in dogs. In the digestion of calcium also, as shown in 
table 4, it was found that the metabolic balance in man was not so much disturb-
ed as in the dog. 
In the dog, the collection of urine was so difficult that we could not determine 
the daily out-put of calcium in the urine. If we could estimate it and add it to 
the fecal excretion, al the cases operated on would show a negative calcium balance. 
I gave the diet mixed with carbon-powder and found that the totally pancre-
atectomized dog excreted black stool within five to six hours after ingestion. This 
fact confirms the previously mentioned statement that the passage of the intestinal 
contents is so rapid that calcium and other nutriments cannot be absorbed suf-
ficiently. 
Moreover the digestive disorder of fat disturbs calcium digestion because of the 
formation of calcium-soap, as well as causing lowering of the absorption of fat 
soluble vitamins, especially vitamin D resulting in Yitamin D deficiency which 
causes further lowering of calcium absorption and an increase of calcium excretion 
from the bowel. 
SERUM CALCIUM 
In normal adults, the serum calcium is between 9 mg and 11.5 mg per lOOcc, 
in normal adult dogs, between 9.5 mg and 12 mg per lOOcc. These values are 
stationary and vary only in a restricted range among individuals and with seasons. 
Calcium is present in plasma in several forms. About half of the total serum 
calcium is bound to proteins and is not di百usible; the greater portion of the re-
maining half exists in the ionized state, while the rest is present in some complex 
combination with other substances which are not yet identified. The latter two 
portions are diffusible, passing freely through semipermeable membranes. The 
concentration of these di百usiblecalcium are of great importance, both physiologi-
cally and clinically, since bone formation, neuro-muscular irritability, blood coagu-
lation, etc. are influenced mostlv b~· them. 
In adults, the di百usible serum calcium level is betvveen 4.3 mg and 5.2 mg 
per 100 cc and it is regulated b~＇ the parathyroid glands. A decrease in the dif-
fusible serum calcium stimulates the parathyroid glands to secrete more hormone. 
Hypersecretion of the parathyroid glands stimulates directly the secretion of alkaline 
phosphatase by the osteoblasts and the bone calcium makes a change into a soluble 
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one. Consequent！~＇ the mobilization of bone calcium into the blood stream takes 
place, and thus the serum calcium level makes an increase. 
Hypofunction of the parathyroid glands causes a decrease in diffusible calcium 
resulting in tetany. As has been previously mentioned, the serum protein level 
also has an intimate interrelationship with the serum calcium level, namely as 
follows; 
PROTEIN -CALCIUM＜＝二三PROTEIN--+Ca++ 
The acid-base balance also influences the serum calcium level through its e町ect
on dissociation of serum protein and the mobilization of bone calcium. The serum 
calcium level increases in conditions of acidosis, and decreases in alkalosis. 
In these ways the value of serum calcium is influenced by many various 
factors. 
(A) :VIETHODS OF EXPEREVIENT 
I determined the serum calcium value by SoBEL’s method, using fasting blood 
taken in the early morning, in order to avoid fluctuation in the blood calcium 
level after meals. 
I used adult dogs about 10 kg and determined their serum calcium level 
before total pancreatectomy and then every week after the operation controlling 
their blood sugar level at about 200 mg per lOOcc by insulin administration. I 
determined also the serum calcium in three totally pancreatectomized men. 
(B) RESULTS 
The result~ of the experiment are shown in Fig. 1 and Fig. 2. 
The changes are almost within the normal range but some decrease below the 
normal range is recognized in a few cases. But as mentioned previously, the 
serum calcium com;ists of a non-diffusible fraction and a di百usible,and the latter 
is of much greater importance, both ph＞もiologicallyand clinically. I determined 
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calcium from the graph of McLEAN and HASTING (p.899). 
It was found the di古usible calcium levels were within the normal range and 
there were no changes as shown in Fig. 2 in an.y’of the cases. 
This fact demonstrates that the changes and the decrease of the blood calcium 
level after total pancreatectomy are due to the decreased non-di百usible calcium, 
which is due to the h~·poproteinemia shown by the N negative balance resulting 
from the digestive disorder. 
It is generall~－ recognized that patients with diabetes mellitus may develop 
acidosis, but during m)・ experiment I could not find any symptoms of acidosis, or 
any increase of acetone in the blood. FALLIS has also stated the same findings in 
his clinical report. 
Accordingly, we may presume that changes in the serum calcium level due to 
disturbances of acid-base balance following total pancreatectomy may be put out 
of consideration. 
Eventually, because the di百usiblecalcium of serum which probably is physiologi-
cally active is regulated by the parathyroid glands, whenever the parathyroid 
function is normal, the di百usible calcium level will be kept within the normal 
range. 
However, we should not look over the fact that one patient developed tetany 
and that the amount of the serum diffusible calcium in that patient was decreased 
as shown in tables 5 and 6. 
G s '" ，主
Table 5 Serum calcium mg/di 




















Table 6 Diffusible serum calcium 
(The last case in table 5) Iter I I 





Total serum calcium 
Serum protein 





CHANGES IN BONE 
Bone consists of inorganic substances and an organic matrix, and the inorganic 
substances which are deposited in the organic matrix are almost al in the form 
of calcium phosphate. 
Calcium which is absorbed from the upper small intestines, enters the blood 
stream, and part of it supplements the serum calcium and the remaining larger 
part is deposited in the bone. 
At the same time, calcium phosphate in the bone dissolves continuously into 
the blood stream by the activity of the osteoclasts. Thus bone is continuously 
being renewed. But after total pancreatectomy some metabolic changes may take 
place such as disturbance of absorption, and increased excretion of calcium and 
deprivation of vitamin D which in turn may probably cause some changes in bone. 
(A) METHODS OF EXPERIMENT 
I used adult dogs as did in the preceding experiments and controlled the blood 
sugar level at about 200 mg per lOOcc by insulin administration after total pancre-
atectomy. I extirpated a rib from the dogs during three to twelve weeks after 
the operation. 
I calculated the calcium contents in the bone h’MCCRUDDEN’s method. In al 
the cases, I used the cortex of the rib in order to avoid structural differences. 
In addition, I made histological specimens from the decalcified rib and dyed 
them with hematoxylin-eosin. 
(B) RESULTS 
One third to one half of the bone calcium was exhausted three to twelve 
Table 7 Bone Calcium 
























weeks after the op2ration as shown in 
table 7. This is partly because of the 
disturbed absorption of calcium and 
mostly because of the disturbance of 
calcium deposition in bone due to vita-
min D deficiency caused by disturbance 
of its absorption. The reason for ma-
intenance of the serum calcium level 
within the normal range despite the 
excretion of a large amount of calcium 
in the feces may well be explained by 
the consumption of bone calcium. Besides, the histological preparation showed 
osteoporosis. As shown in the photograph, there is marked restriction of ossification 
in the periosteum and marrow. Moreover, Howships-lacunae-like defects of the 
b:>ne were found. Th巴b:>neshaft be:ame thin and the tissue surrounding Ravels’ 
canals stained only slightly. But in clinical cases no changes in the X-ray findings 
were recognizable. 
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CHANGES IN PARA THYROID GLANDS 
SHIFF pointed out in 1884 that dogs and cats developed tetany when the thy-
roid glands were extirpated, and VASSEL explained that tetany was due to the 
extirpation of the parathyroid glands. After that, ERDHEIM reported the results 
of his fine research, and then, CoLLIP in 1925 independentl~＇ prepared an active 
parathyroid extract. The relationship between the parathyroid gland and the other 
glands stil remains unknown. In dogs and in human children before the age of 
10 years, onl~ア chief cells are present. The c~·toplasm of these cells is clear, conta-
ining a large rounded nucleus. These are the secreting cels. After the tenth ;;ear 
the oxyphil cells begin to appear. They are larger than the chief cells and have 
abundant eosin-staining granules in their cytoplasm. 
Parathyroid hormone influences calcium and phosphorus metabolism. Deprivation 
of the parathyroid hormone causes a decrease of the di百usible serum calcium and 
an increase of the serum inorganic phosphorus and occasionally causes tetany. An 
excess of the hormone causes an increase of the diffusible serum calcium level and 
a decrease of the inorganic phosphorus level and an increase of the out-put of the 
urinary calcium and phosphorus, thus leading to decalcification of the bone. The 
low level of blood calcium ions stimulate the parathyroids to work. 
I p巴rformedthe following experiments in order to investigate the altered atti-
tudes of the parathyroid glands after total pancreatectomy. 
As already mentioned above I recognized the fact that after total pancreatec岨
tomy there was a negative calcium balance accompanied by vitamin D deficiency 
which might have resulted from the absence of the external secretion of the 
pancreas. Moreover, I had an idea that the absence of the internal secretion of the 
pancreas might influence the parathyroid glands. 
160 
14 0 
(A) METHODS OF EXPERIMENT 
s.o 6.o 1.0 s.~ 9.o 
TOTAL PROTEIN, Gm per 100 cc. 
(from7;McLuN and HAsTr:-;u) 
(i) MORPHOLOGICAL 
EXA:.¥IIN A TION 
I killed dogs by blood-letting three 
to twelve weeks after total pancreatec-
tomy, and then extirpated the parathy-
roid glands. 
I also extirpated the parathyroid 
glands from one patient who had sur-
vived two years after total pancreatec-
tomy. The extirpated glands were 
stained with the HEIDENHEIN’s mo【lifi-
cation of AzAN’s staining method and 
with hematoxylin-eosin. 
(i) OXALATE TOLERAN"CE 
TEST 
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When a large quantity of sodium oxalate is injected in the dog, the serum 
calcium level decreases markedly because the calcium ions in the blood stream pre-
cipitate as calcium oxalate. But the decreased serum calcium level will reestablish 
itself within the normal range by the action of parathyroid hormone within five 
to six hours after the injection of sodium oxalate. 
As PATT mentioned, the recovering curve of the serum calcium level reveals 
the activity of the parathyroid glands. 
I injected sodium oxalate intravenously, 40 mg per kg, in totally pancreatec-
Photo. 1 Parathyroid gland Photo. 2 
(7Weeks after operation) (7months after subtotal pankreatectomy) 
Photo. 4 
Bone 
(about 1 year after operation) 
Photo. 6 Photo. 5 
<Human parathyroid gland ) 
(5～12 weeks after operation) 
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tomized dogs and determined the serum calcium values every hour during five 
or six hours after the injection. 
(ii) SERUM ALKALINE PHOSPHATASE 
Normally 2 to 4 BonANSKY units per lOOcc of alkaline serum phosphatase is-
found in the blood. An alteration of the amount of serum phosphatase is deemed 
to be an index for the activity of the parathyroid glands. The parathyroid hor-
mone a古ectsthe osteoblasts and stimulates secretion of alkaline phosphatase. Accord-
ingly hyperfunction of the parathyroid glands results in an increase of serum 
Photo. 7 Bone Photo. 8 
4圃脚曾f 岬世冊蝿園田園圃曹.， －.・A ._ .... ,.. 、~
_,_ 
r lOweeks after operation) 
Photo. 12 
(normal dog) ( 12weeks after oper叫 wn〕
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alkalin phosphatase, while hypofunction results in its decrease. I determined the 
alkaline phosphatase level by BonANSKY’s method with the electrophotometer in 
order to find alteration of the parathyroid gland activity after total pancreatectomy. 
(B) RESULTS 
Morphologically, as compared with the control animals, neither enlargement 
and hyperplasia nor atrophy and hypoplasia was observable, nor could I find any 
water-clear cells which might suggest hyperfunction nor proliferation of connective 
tissue which might suggest sclerosis, as shown in the photograph 1, 2, 10, 12. The 
same findings were also obtained in the human case as shown in the photograph 3, 4. 
In the experiments on oxalate tolerance, I could obtain no significant result, 
as shown in Fig. 3. 
The results of the determination of serum alkaline phosphatase is shown in 
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parathyroid glands, but these increments were within the normal range. 
From al of these data I am obliged to presume that in animal experiments 
, .I (( !-1 ] q $ 
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the parathyroids take an active part within almost the normal range through the 
whole postoperative course. Accordingly in my experiments, although the fact 
that tetany condition accompanied by a decrease in the serum di宵usiblecalcium 
which I found in one clinical c拙esuggested strongly the existence of hypofunction 
of the parathyroid, I could find no changes in their attitudes. 
DISCUSSION 
As a result of my research for changes in calcium metabolism after total 
pancreatectomy, I found that in al cases there existed a negative calcium balance. 
According to Mc Gow AN, hydrochloric acid is one of the most important agen-
cies for the absorption of the alkaline earth elements and especially of calcium 
phosphate. With normal gastric acidity, compounds of calcium with weak organic 
acids are converted into the chloride, which is absorbed easily from the stomach 
and the duodenum. 
If gastro・duodenectomyis performed simultaneousl~ア with total pancreatectomy, 
absorption may be disturbed because of the lowering of the gastric acid. 
While solution of calcium salts by the gastric juice is important, it is by no 
means an indispensable factor. According to CuRRY, ScHMIDT, and GREENBERG, the 
absorption will, in large part, depend on the time during which the food remains 
in the intestines. 
Using a diet mixed with carbon powder, I found that the time during which 
the food remains in the intestines is shortened after total pancreatectomy. This 
suggests that there is not an ample time for the calcium as well as other nutri-
ments to be absorbed in the intestines and it may be one of the reasons for the 
digestive disturbances after total pancreatectomy. 
Moreover, BoYD, CRUM, LYMAN have pointed out that adequate amounts of 
fatty acids aid the digestion of calcium, but that if fatty acids are excessive, 
calcium is excreted as insoluble calcium soap resulting in the lowering of calcium 
absorption. 
Accordingly, it may well be assumed that the digestive disturbance of fat is 
one of the causes of decreased absorption of calcium after total pancreatectomy. 
At the same time the digestive disturbance of fat interferes with the absorption 
of the fat soluble vitamins, especially vitamin D and leads句 a deficiency of that 
vitamin. 
Animals which have been maintained for certain periods of time on a diet 
deficient in vitamin D are said to be in negative calcium balance. Furthermore, 
vitamin D de白ciencyhinders the deposition of calcium in bone, and this together 
with the negative calcium〆balanceleads to the consumption of one-third to one-half 
of the calcium in the bone three to twelve weeks after the operation, and some-
times even osteoporosis is produced. 
The serum calcium level showed sometimes some decrease and some flucu・
tuation, but in al cases I found a decrease in the serum protein levels, and there 
were no changes in the diffusible calcium which is probably physiologically active. 
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This fact indicates that the h~＇pocalcemia after the operation is due to a d配ト
ease in the non-diffusible calcium, caused by hypoproteinemia followed by negative 
N balance. Consequently the determination of serum protein must not be omitted 
in conjunction with that of serum calcium. I have received many reports which 
stated that in cases of decreased calcium absorption such as sprue, celiac disease 
etc. the patients develop hypocalcemia. But in most cases disturbance of protein 
absorption existed at the same time so that hypopr叫einemia would be present, 
accordingly the serum non-diffusible calcium would be decreased and there would 
be almost no change in the serum di百usiblecalcium. 
The parathyroid hormone apparently regulates the level of di古usiblecalcium. 
So far as the parathyroid glands take an active part in the normal range, the 
di百usiblecalcium is always within the normal range in spite of a decrease or 
increase in calcium absorption. 
I could find no significant abnormality of the parathyroid glands after the 
operation either histologically or biochemically. 
DovLE, NoNIDEZ, GooDALE, SHEARD, et al. reported that a domestic fowl which 
had been maintained for some time on a vitamin D deficient diet developed bone 
decalcification and hyperplasia of the parathyroid glands. 0BERLING, GuERIN, PAL 
et al. confirmed this finding in mammals. TAMMANN in 1928, LoEWEG in 1931, 
JuNG et al. found enlargement and hyperplasia of the parathyroid glands in the 
presence of vitamin D deficiency caused by interference with calcium absorption 
from the gastrointestinal tract by means of a biliary fistula. 
These studies, both experimental and clinical, indicated that in the presence of 
vitamin D deficiency and interference with calcium absorption, enlargement and 
hyperplasia of the parathyroid glands occur secondarily and hyperparathyroidism 
results. 
However, I could not find enlargement and hyperplasia of the parathyroid 
glands in any of our cases in spite of the presence of low calcium absorption 
accompanying vitamin D deficiency after total pancreatectomy. 
But one patient of our series revealed, as stated before, symptoms of tetany 
eight months after the operation, and, at the same time, showed a decrease in 
serum diffusible calcium, and this patient recovered soon after an adequate intake 
of calcium. This case undoubtedly suggested that the temporary hypofunction of 
the parathyroid glands occured although there was no histological abnormality. 
These facts seem to indicate that the changes in calcium metabolism after the 
operation are due not onl:i’to the abolishment of the external secretion of the 
pancreas but also to the disappearans of its endocrine function which may in-
fluence the parathyroid glands secondaril：，’ by some means. 
CONCLUSION 
In order to study the changes in calcium metabolism after total pancreatec-
tomy, I have made some studies on totall：，ア depancreatizeddogs and men. 
The results may be stated a日follows;
CALCIUM METABOLISM AFTER TOTAL PANCREATECT0'.¥1Y 905 
(1). Dogs as well as human patients ten<l to develop a negative calcium 
balance after total pancreatectomy. 
(2). I found a mild fluctuation and decrease in the serum calcium level. This 
is due to a decrease in the non-di仔usiblecalcium fraction because of h~・poprotein­
emia. Nevertheless the diffusible calcium fraction, which porbablJ’is ph：－市iologicallj’
active, was found to be within a normal range in all cases for nine to twelve 
weeks after the operation, except for one clinical case. 
(3). In animals one third to one half of the bone calcium is exhausted three 
旬 twelveweeks after the operation, and osteoporosis is often found on histological 
examination. 
(4). When vitamin D deficiency with decreased calcium absorption takes place, 
it may be reasonable to find enlargement ancl hyperplasia of the parathyroid 
glands. However, I could find no enlargement or hyperplasia of the parathyroid 
glands, and there were no labora句rydata to suggest hyperfunction of the para-
thyroid glands during the whole course after total pancreatectomy, in spite of the 
fact that vitamin D deficiency and disturbances in calcium abrnrption were present. 
One patient in our series revealed symptoms of tetany and ぉhowedthe lower」
ing of the serum diffusible calcium eight months after total pancreatectomy. The-
refore, it is advisable not to neglect the possibility of calcium deficienc~’ in man 
after the operation, although the true mechanism of inducing calcium deficiency 
has not yet been established. 
I wish to thank Prof. Dr. CmsATO ARAKI and Asist. Prof. Dr. lcH10 HoNJO for their guidance 
throughout the period of this work. 
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勝全切除後数ヵ月を経過した 1患者がテタニ一様症 あり，生理的役割を演ずる透析性Ca濃度は 1臨床例
状を起し，この症状はCaの静注により軽快する事実 に軽度の低下を認めた以外全例に於て変動低下はなか
に遭遇した．この事実は豚全切除後Ca代謝に変化が った．
起る事を示しているものと思われる．そこで豚全切除 3) ピタミ ンDの欠乏は骨へのCa沈着を妨げp Ca 







ミンDの欠乏が加わり Caの腸内排出がたかまった為 殖を認めずp 又機能充進を推測せしめる事実もなし
である． 加えて 1臨床例にテタニ一様発作を認めた事はその機
2）血清Ca濃度は軽度の変動及び低下を認めるが 能低下を推定せしめるものでありp この様な合併症が
何れも術後蛋白質の吸収低下の為，低蛋白血症を来し 勝全切除後に起り得ると云う可能性を示すものと考え
蛋白と結合せる非透析性Ca濃度の低下を来した為で る．
